Abstract. Cyclin-dependent kinase inhibitor 3 (CDKN3) has been reported to promote tumor genesis. Since it is unclear whether CDKN3 participates in the development of epithelial ovarian cancer (EOC), this study assessed the association between CDKN3 expression and cell biological functions, and demonstrated the clinical significance and prognosis of CDKN3 in EOC. CDKN3 expression was evaluated in 97 cases of tumor tissue by immunohistochemistry and in 60 tissues by western blotting. The clinical correlation was analyzed by Kaplan-Meier method and Cox hazards model. The molecular functional roles of CDKN3 in ovarian cancer cell line OVCAR3 were examined by small interfering RNA-mediated depletion of the protein followed by analyses of cell proliferation and invasion. Twenty-three out of 30 (76.7%) human EOC tissues exhibited stronger levels of CDKN3 protein compared with 10 out of 30 (33.3%) human ovarian surface epithelial (HOSE) tissues. The mean level of CDKN3 expression in the EOC tissues was 3.35-fold that in the HOSE tissues. CDKN3 protein was found to be overexpressed in 68.0% of the EOC samples and was correlated with poor patient survival (P<0.05). Furthermore, expression of CDKN3 was significantly associated with FIGO stage, recurrence and residual tumor size (P<0.05), and the CDKN3 status was a significant prognostic factor for EOC patients (P= 0.005). In addition, depletion of CDKN3 expression inhibited the growth and clonogenic potential of the OVCAR3 cell line. Our present research found that CDKN3 may play an important role in the development and proliferation of EOC. CDKN3 may be used as a novel tumor marker to predict the prognosis of EOC.
Introduction
Ovarian cancer is one of three major female malignant tumors of the reproductive system. Its incidence is ranked third following cervical and uterine cancer (1) . Due to its high malignant potential, the mortality rate of ovarian cancer ranks first among all gynecologic cancers in China. To date, the pathogeny of ovarian cancer is unclear. It is believed that the incidence may be related to environment, hormonal, genetic and other factors. According to different clinical pathological types and genetic features, ovarian cancer can be divided into type I and type II (2) . The ovarian malignant progression of type I is low, including low grade serous ovarian cancer, mucinous ovarian cancer and clear cell ovarian cancer. The mutated BRAF or PTEN gene mainly exhibits abnormal expression in this type of ovarian cancer (3) . Type II ovarian cancer has a high degree of malignancy, in which BRCA1 and BRCA2 gene mutations are common and the main pathological type is malignant serous ovarian cancer (4) (5) (6) .
At present, the scientific community believes that a tumor is a disease caused by multiple genomic changes, and tumor progression is based on oncogene activation and/or tumorsuppressor gene deactivation with gene function mutation. Continual growth signal stimulation, evasion of growth inhibition, resistance to the replication of programmed cell death, induction of tumor angiogenesis, and activation of invasion and metastasis are necessary physiological changes leading to different types of malignant tumor cell growth (7) . During development, most tumors undergo similar changes in cell physiological characteristics, thus oncogenes and tumor-suppressor genes that are closely associated with these acquired cell behaviors have become a 'hot' topic in the study of tumor molecular mechanisms and cancer treatment.
Cyclin-dependent kinase 3 (CDKN3), a member of the family of protein phosphatase inhibitors, participates in the management of the cell cycle, where it plays a dual role (8, 9) . CDKN3 plays the role of a cell cycle protein-dependent kinase inhibitor and selectively combines with CDK2 (10,11), reducing Rb protein (retinal cell tumor protein, a tumorsuppressor gene) phosphorylation (9) . Phosphorylation of Rb protein combined with transcriptional factor E2F1 inhibits cell cycle protein, which is required for G1/S transition, thus blocking G1 to S phase shift (12, 13) . CDKN3, also a type of Mdm2 protein, combines with p53 and Mdm2, reduces the sensitivity of p21 and reduces p53 target gene production, so as to promote the progression of the cell cycle (14) . The CDKN3 gene was demonstrated to exhibit abnormal expression in many types of tumors (15) (16) (17) . However, its relationship with ovarian cancer and its molecular role has not been reported.
Materials and methods
Patient tissue samples. Ninety-seven ovarian cancer (OC) tissues were collected from patients who underwent routine ovarian resection at The First Affiliated Hospital of China Medical University. None of the specimens were pretreated with preoperative chemotherapy, radiation therapy, or other treatment. All specimens were respectively assessed by two pathologists for pathological diagnosis according to the World Health Organization classification system. The clinicopathologic factors are documented in Table I . Total RNAs and protein were collected from the fresh OC tissues after surgical resection. The study protocol was approved by the Institutional Ethics Committee of China Medical University, and all patients provided written informed consent.
Immunohistochemistry. CDKN3 expression was evaluated by immunohistochemistry (IHC) on 5-µm paraffin-embedded tissue sections. Rabbit anti-CDKN3 (1:200; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used. Sections were stained with 3,3'-diaminobenzidine. Normal rabbit serum was used as a negative control. The CDKN3 immunostaining score was analyzed according to a semi-quantitative scale. Cytoplasmic/nuclear immunostaining was considered positive staining. The percentage of positive cells was scored as follows: 0 (0%), 1 (1%-10%), 2 (11%-50%), 3 (51%-80%) or 4 (>80%). The intensity of staining was defined as follows: no, '0'; weak, '1'; moderate, '2' and strong staining, '3'. Each sample was given a final score ranging from 0 to 12. CDKN3 expression was divided into four levels: -, score 0; 1+, score 1-4; moderate expression 2+, score 4-8; and 3+, score 9-12. The immunohistochemical results of CDKN3 were grouped into low expression (0 to 1+) and high expression (2+ to 3+).
Western blot analysis. Total protein was separated from tissues and cells using lysis buffer (Pierce, Rockford, IL, USA) and quantified by the Bradford method. Total protein (50 µg) was subjected to 10% SDS-PAGE and electrotransferred to PVDF membranes (Millipore, Billerica, MA, USA), which were blocked with blocking buffer (Beyotime, China) for 1 h at room temperature. The primary CDKN3 rabbit polyclonal antibody (1:1000; Santa Cruz Biotechnology, USA) and mouse anti-β-actin antibody (1:1000; Santa Cruz Biotechnology) were incubated on the PVDF membranes at 4˚C overnight. The membranes were incubated with secondary antibodies for 2 h at room temperature (1:5000; Beyotime). The relative protein levels were visualized using an ECL system (Pierce).
Cell culture and siRNA treatment. OVCAR3 cancer cells were obtained from the Cell Biology China Academy of Science (Shanghai, China) and cultured in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) containing 10% fetal calf serum. The cells were cultured in a 24-well plate at a density of 6x10 4 cells/well and transfected with siRNA-CDKN3 or Neg. siRNA using the Lipofectamine LTX reagent (Invitrogen) according to the manufacturer's protocol. CDKN3 siRNAs (purchased from GenePharma Co., Ltd., Shanghai, China) were as follow: CCAUCAAGCAAUACAAUUATT (si-CDKN3#1) and CUGCUUGUCUCCUACUAUATT (si-CDKN3#2).
Colony formation and MTT assay. For the colony formation assay, 100 cells were plated into 6-well plate culture dishes and incubated for 10 days. Plates were stained with 0.1% crystal violet, and colonies with more than 50 cells were counted. For the MTT assay, cells were plated at ~2000 cells/ well in 96-well plates in medium containing 10% FBS 24 h after transfection. Then, 20 µl of 5 mg/ml MTT (KeyGen Bio., Nanjing, China) solution was added to each well and incubated for 4 h at 37˚C. The media were removed from each well, and the resultant MTT formazan product was solubilized in 150 µl of DMSO. The results were quantitated using a test wavelength of 490 nm.
Cell cycle analysis. OVCAR3 cells were plated in a 6-well plate at a density of 1x10 5 cells/well. Cells were collected after 24 h and washed in cold PBS, and fixed in 75% cold ethanol. Then the cells were centrifuged at 800 rpm and washed with Table I . Correlation of CDKN3 expression and the clinicopathological characteristics of the EOC patients.
CDKN3 expression -------------------------------------------------Characteristics
High n (%) Low n (%) P-value 
, with 200 µl serumfree RMPI-1640, were added to the upper layer which was coated with 20 µl Matrigel (1:4 dilution; Costar, Corning, NY, USA). RMPI-1640 containing 10% FBS was added to the lower layer, and incubation was carried out for 24 h in a cell incubator. The cells that penetrated the membrane of the chamber were stained with 0.1% crystal violet for 20 min. Cells on the upper membrane were wiped off with a cotton tip. The number of invasive cells were analyzed in 5 random fields under a microscope. The experiments were performed in triplicate.
Statistical analysis. The statistical data were analyzed by SPSS 13.0. The correlation between CDKN3 expression and EOC patient clinicopathological features was analyzed using the χ 2 test. The t-test was used to compare messenger RNA (mRNA) in various groups. Kaplan-Meier method was used to evaluate the patient overall survival. A Cox regression model was used to demonstrate the univariate and multivariate analyses of prognostic variables. P<0.05 was considered to indicate a statistically significant result.
Results

CDKN3 expression in the EOC tissue samples and cell lines.
CDKN3 protein levels in 30 EOC and 30 HOSE tissues were determined and the results showed that CDKN3 was expressed weakly in the HOSE tissues (20/30), while CDKN3 expression was upregulated >2-fold in 76.7% (23/30) of the EOC tissues (EOC/HOSE >2) (Fig. 1A and B) . The mean level of CDKN3 expression in the EOC tissues was 3.35-fold that in the HOSE tissues (Fig. 1C) . Western blotting analysis revealed that expression of the CDKN3 protein was markedly higher in the EOC tissues and the OVCAR3 cell line when compared with the levels in the HOSE samples ( Fig. 1D and E) . In addition, CDKN3 protein expression in OVCAR3 cells transfected with the CDKN3 siRNA showed efficient depletion (Fig. 1F) . As shown in Fig. 2 , the IHC staining intensity and positivity of CDKN3 in the representative tissues were highly expressed (66/97, 68.0%) and weakly expressed (31/97, 32.0%; Fig. 2A and B), while negative expression was noted in the HOSE tissues (Fig. 2C) .
Correlation of the clinical characteristics and CDKN3
expression in the EOC cases. CDKN3 expression levels and clinicopathological characteristics of the EOC patients are summarized in Table I . High expression of CDKN3 was detected in 68.0% (66/97) of the patients and low expression of CDKN3 was noted in 32.0% (31/97) of the EOC patients. High levels of CDKN3 expression were significantly associated with FIGO stage, recurrence and residual tumor size, but no significant correlation was noted with patient age, tumor type, serum Ca-125 level and histological type. Overall survival and disease-free survival were significantly reduced in patients with high CDKN3 expression than in patients with low CDKN3 expression (P<0.05, Fig. 3A and B) . Furthermore, multivariate analysis demonstrated that a high level of CDKN3 expression was an independent predictor of prognosis of EOC patients, and was associated with increased risk of a poor prognosis (hazard ratio, 1.661; P=0.005) ( Table II) .
Depletion of CDKN3 expression suppresses OVCAR3 cell proliferation.
MTT assay showed that downregulation of CDKN3 expression significantly reduced the viability of the OVCAR3 cell line (Fig. 4A) . The depletion of CDKN3 in the OVCAR3 cells (si-CDKN3#1 and si-CDKN3#2 vs. Neg. Cont.: 45±11 and 34±9 vs. 81±13; P<0.05) also led to a significant reduction in the number and size of foci (Fig. 4B) . The DNA content using flow cytometry demonstrated that CDKN3 siRNA transfection increased the percentage of cells in the G1 phase and decreased those in the S phase in the OVCAR3 cell line (P<0.05, Fig. 5 ). As shown in Fig. 6 , the depletion of CDKN3 in OVCAR3 cells did not have a measurable blocking effect on cell invasion.
Discussion
The mechanisms of the cell cycle and cancer is one of the 'hot' subjects in the field of oncology research in recent years. The cell cycle is the basic process of life activity. Under normal circumstance, cells enter into the physiological state of proliferation, differentiation, aging and death through normal cell cycle phases. If abnormal cell cycle regulation occurs, the cell enters into a cancerous state. Thus, cell cycle regulation is the core event of cell proliferation regulation, which has a close relationship with cellular carcinogenesis. Involved in cell cycle regulation are: cell cycle proteins (cyclins), cell cycle protein-dependent kinases (cyclin-dependent kinases, CDKs) and cell cycle protein kinase inhibitors (cyclin-dependent kinase inhibitors, CKI/CDKN). Cyclins consist of 8 members, HOSE tissue (immunohistochemistry, x400) . EOC, epithelial ovarian cancer; HOSE, human ovarian surface epithelial. respectively named cyclin A to H. CDK consist of 7 members, respectively named CDK1-7.
CKI/CDKN, a newly discovered protein, inhibits CDK kinase activity combined with CDK, cyclin or cyclin-CDK complex. In the present study, 97 EOC samples were analyzed by χ 2 test, indicating that CDKN3 expression had a close relationship with EOC proliferation and tumor recurrence, and it may play a significant role in tumor carcinogenesis and EOC progression. Based on Kaplan-Meier analysis, we discovered that high expression of CDKN3 indicates the poor prognosis of EOC patients, suggesting that it can represent a novel prognostic factor for EOC. This was the first time we evaluated the relationship among CDKN3, clinicopathological features and prognosis in EOC. Furthermore, we recognized that CDKN3 may be used as a novel independent prognostic biomarker to predict the overall survival rate of EOC patients based on the univariate and multivariate Cox hazards analysis. This function of CDKN3 corroborated the results of studies concerning renal cancers and hepatocellular carcinomas (18, 19) . In previous research, several predictors similar to CDKN3, such as p19INK4d (20) , CD163 (21), KPNA2 (22) and p21Waf1/ Cip1 (23), were recognized as being related to the prognosis of EOC. To date, however, it is still not definitely confirmed whether indices of this type could be a substitute for predicting the prognosis of EOC. Therefore, further research must be carried out to determine whether CDKN3 together with other molecules of this category may be valuable for determining the prognosis of EOC.
To better understand the biological function of CDKN3, we investigated whether depletion of CDKN3 reduces the malignant phenotypes in EOC cell lines. CDKN3 was previously found to be relatively highly expressed in various cancer cell lines (18, 23) . Antisense KAP (CDKN3) in HeLa and LNCaP cells exhibited S-phase reduction and also suppression of the cell growth rate in vivo and in vitro (24) . Accordingly, we reasoned that CDKN3 may play a role in the regulation of cell growth in ovarian cancer cell lines. We examined the colony formation potential and cell growth rate in OVCAR3 cells following siRNA treatment. We found that OVCAR3 knockdown caused a significant reduction in the proliferation rate and colony formation ability. Therefore, CDKN3 overexpression stimulated malignant cell proliferation. Moreover, we analyzed the role of CDKN3 on cell cycle progression, similar to previous studies (16, 25, 26) , CDKN3 inhibited cell cycle progression in OVCAR3 cells. These data together demonstrated that CDKN3 had a measurable effect on ovarian cancer cell proliferation.
Invasion and metastasis are biological characteristics of malignant tumors, and pose the most problems for clinical treatments. Recent studies indicate that CDKN3 is positively correlated with metastasis of neuroendocrine tumors when compared with their non-metastatic counterparts (27) . However, in our study, we did not find such an association. Transwell cell migration assays showed that CDKN3 knockdown did not have a measurable effect on OVCAR3 cell invasion. This finding is coincident with the clinical data of Xing et al (16) in liver cancer. A possible explanation is possibly that tumor cells which express CDKN3 are not able to migrate from the primary tumor site, leading to reduction in metastatic potential, yet CDKN3 expression could support tumor cell survival and proliferation. In addition, CDKN3 may have different influence on cancer cells in various cancer types.
Another issue involves the mechanism of how CDKN3 promotes ovarian cancer progression. A previous study reported that p21 interacts with cyclin/CDK complexes and PCNA to inhibit their kinase activities (28) , and CDKN3 could promote the proliferation of liver cells through a p53-p21 manner to induce G1/S phase transition (16) . Other studies have shown that CDKN3 through its protein product KAP regulates the cell cycle. It regulates retinoblastoma protein (pRb) activation via a phosphorylation mechanism that is responsible for G1 to S transition (29, 30) . Currently, one hypothesis of this mechanism is the hypomethylation of its promoter region (9) . This hypothesis warrants further study.
In conclusion, this study identified CDKN3 as an oncoprotein overexpressed in EOC which is important for the maintenance of the malignant phenotype and recognized CDKN3 as a candidate target protein for future cancer therapeutics.
